This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PATENT SPECIFICATION dD 1 554 253 



to 

IT) 

ir> 

IT) 



(21) Application No. 24290/77 (22) Filed 10 Jun. 1977 ( 19 ) 
(31) Convention Application No. 694972 (32) Filed 11 Jun. 1976 in 
(33) United States of America (US) 
(44) Complete Specification Published 17 Oct. 1979 

(51) INT. CL. 2 F21S 3/00 // 

F21V 7/12 29/00 

(52) Index at Acceptance 

F4R 202 288 28Y 32X 392 39Y 402 40Y 
449 44Y 610 614 617 621 628 62Y 
632 634 636 639 641 649 




(54) APPARATUS FOR PRODUCING AN ULTRA 
VIOLET LIGHT BEAM 



(71) We, UNION CARBIDE COR- 
PORATION, a corporation organized and 
existing under the laws of the State of New 
York, United States of America, whose reg- 
5 istered office is, 270 Park Avenue, New 
York, State of New York 10017, United 
States of America, (assignee of HARDEN 
HENRY TROUE), do hereby declare the 
invention for which we pray that a Patent 

10 may be granted to us and the method by 
which it is to be performed, to be particularly 
described in and by the following statement:- 
This invention relates to the use of 
dichroic filters with ultraviolet light sources 

15 (UV). More particularly the invention re- 
lates to an apparatus incorporating a system 
of dichroic filters with a line source of U V so 
that the light leaving through the opening in 
the apparatus is substantially all UV. 

20 Generally speaking, photocurable organic- 
coating materials can be cured with low to 
moderate flux densities and frequently with 
UV of only one wave length. This type of 
energy can readily be generated by low wat- 

25 tage UV lamps (such as germicidal lamps) 
which are inherently efficient and relatively 
cold. However, when highly pigmented re- 
latively thick coatings are to be cured it is 
necessary to provide a broad spectral distri- 

30 bution of U V and a higher flux density. This 
can be readily obtained from higher wattage 
mercury lamps in the range of tens to hun- 
dreds of watts per inch of arc length. These 
lamps inherently generate a large amount of 

35 infra red (IR) which is manifested as heat on 
the substrate being cured. This of course in 
many cases makes the use of high wattage 
UV lamps unacceptable as a UV source be- 
cause the heat will destroy the substrate to 

40 be cured, i.e. paper, plastic laminate, etc. 
Up until now, therefore, UV lamps were li- 
mited in their process applicability. 

Accordingly, much effort has' been ex- 
pended in the art to develop a system for 

45 separating the UV light desired from the un- 



desired IR light. Some solutions suggested 
involved the use of water filters. This solu- 
tion depends on water purity which is diffi- 
cult to maintain and consequently results in 
increased loss of UV through the water 
medium as purity decreases. Dichroics are 
known materials which are capable of separ- 
ating light by reflecting one band of wave 
lengths while transmitting others. However, 
up until now, there has not been developed 
a commercial, feasible, economic system for 
using dichroic filters with high wattage mer- 
cury vapor lamps. 

Accordingly, it is the main object of this 
invention to provide a UV light system in- 
corporating dichroic filters which provide 
relatively cold UV light on a substrate hav- 
ing a coating to be cured. 

It is another object to provide such a sys- 
tem which is compact, efficient and econo- 
mical. 

According to the present invention there 
is provided apparatus for providing a high 
flux beam of substantially only ultraviolet 
light to a substrate comprising a reflector 
being elliptical-like (as hereinbelow de- 
fined) and having an opening for emission of 
light reflected from the reflector, and a first 
focal line; 

a linear source of UV light mounted in 
said housing at said focal line thereof, the 
longitudinal axis of the linear source being 
contained in a plane of symmetry of the 
appratus which is perpendicular to the plane 
of the opening of said reflector: 

a first optically flat dichroic surface on 
each side of said plane of symmetry 
mounted at one end of such dichroic flat sur- 
face adjacent said reflector opening: 

a second optically flat dichroic surface on 
each side of said plane of symmetry con- 
nected to the other end of said first dichroic 
flat surface, said first and second dichroic 
flat surfaces providing a concave surface on 
each side of said plane of symmetry when 
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viewed therefrom; 

a cuspidal member mounted between said 
concave surfaces so that its longitudinal 
plane of symmetry coincides with the plane 
5 of symmetry of the apparatus and so that the 
cuspidal member is adjacent the reflector 
opening beyond a second focal line of said 
reflector 

whereby substantially all the UV light 
10 from said line source strikes a dichroic sur- 
face only once and then leaves the appar- 
atus. 

The invention will hereinafter be further 
described by way of example with reference 

15 to the accompanying drawings in which: 

Figure 1 is front elevation view of the ex- 
terior of apparatus of the invention without 
the light assembly; 
Figure 2 is a side view of the apparatus 

20 shown in Figure 1 illustrating the water cool- 
ing passages associated with the apparatus; 

Figure 3 is a cross-sectional view of a pre- 
ferred embodiment of the apparatus shown 
in Figure 1 taken along the line 3-3; and 

25 Figures 4 and 5 are illustrations of typical 
light ray paths of light emanating from the 
quadrants of the light as shown. 

Referring now to the drawings and parti- 
cularly Figures 1 and 3, a preferred embodi- 

30 ment "of the apparatus of the invention in- 
cludes in combination a lamp housing 1 hav- 
ing a reflective inner surface 3 and a lateral 
opening 4. Surface 3 is made up of three 
cylindrical surfaces having their centers of 

35 curvature at points 5. 7 and 9, respectively 
as shown in Figures 4 and 5. The surface 3 
therefore is an approximation to an elliptical 
surface, which ideally it would be. For prac- 
tical reasons, however, it is made up of 

40 three cylindrical surfaces as described above 
to encompass a true elliptical surface and its 
practical approximation, the term "elliptic- 
al-like" is herein used. For easy access to 
the dichroic filter assembly the housing 1 is 

45 removablv mounted on the dichroic assem- 
bly 11 so' that the opening 4 of housing 1 
communicates with assembly 11. A high 
wattage mercury vapor lamp i3 is mounted 
in the housing f at a first focal line 15. The 

50 lamp housing" 1 and assembly 1 1 comprising 
the apparatus have a plane of symmetry 
which is perpendicular to the plane of the 
opening 4. The plane of symmetry in Fig. 3 
is represented by line 16. The longitudinal 

55 axis of the lamp '13 lies in the plane of sym- 
metry 16. 

The dichroic assembly 11 consists of first 
optically flat dichroic surfaces 17 and 18 
mounted in assembly 11 on each side of the 

60 plane of symmetry 16 so that the first 
dichroic surfaces 17 and 18 will have one 
end thereof adjacent the lamp housing 
opening 4 when the lamp housing and 
dichroic assembly are combined for opera- 

65 tion. Second, optically flat dichroic surfaces 



19 and 20 are mounted in the assembly 1 1 on 
each side of the plane of symmetry 16 and 
connected to the other end 21 and 22 of 
dichroic filters 17 and 18, respectively, so 
that the surface 17 and 19 and 18 and 20 70 
form a concave surface on each side of the 
plane of symmetry when viewed from the 
plane of symmetry. Preferably surfaces 17 
and 18 are inclined toward the plane of sym- 
metry at an angle 0 of about 9 degrees. Such 75 
angle being measured between a line 23 pa- 
rallel to the line 16 and the dichroic surfaces 
17 and 18. Likewise surfaces 19 and 20 are 
inclined toward the plane of symmetry at an 
angle a of about 11 degrees. 80 

The dichroic surfaces 17 and 18 are 
mounted on aluminum extruded absorber 
members 24 and 25. The dichroic surfaces 
19 and 20 are mounted on aluminum ex- 
truded absorber members 26 and 27. These 85 
absorber members have a surface adjacent 
the back side of the dichroic which is a saw 
tooth-like surface with about a 30 degree in- 
cluded angle between teeth. 

Water cooling of the absorber surfaces is 90 
provided by passing cooling water through 
passages 29. 

The assembly 11 is enclosed at each end 
by an end mirror surface 28. 

A cuspidal member 30 is mounted in the 95 
assembly 1 1 between the dichroic surfaces 
17. 19 and 18 and 20 respectively, so that its 
longitudinal plane of symmetry coincides 
with the plane of symmetry 16 of the appar- 
atus. The cusp 30 is located along the plane 100 
of symmetry 16 beyond a second focal line 
32 of the reflector housing 1. The reason for 
this position and for the cusp itself is to en- 
sure that substantially all the light rays from 
the source 13 will be reflected off of a 105 
dichroic surface only once. Thus the cusp 
blocks the direct exit of unfiltered light (see 
Figures 4 and 5) and redirects these light 
rays to a filter surface while also redirectly 
filtered light rays out of the apparatus with- 110 
out their restriking a filter surface. In order 
to accomplish this the cusp is preferably 
made of four segments of a cylindrical sur- 
face and consists of four mirror surfaces on 
an appropriately shaped aluminum housing. 115 
The two segiments 40 in this embodiment 
have a radius of curvature of about 3 inches. 
The segiments 42 have a radius of curvature 
of about 3-1/2 inches. 

Dichroic filters can be designed to most 120 
efficiently transmit and reflect light over dif- 
ferent wave bands which peak at specific 
wavelengths as desired. One dichroic filter 
surface preferably used in this invention re- 
flects UV over a band which peaks at 3700 125 
anustrom most efficiently when light strikes 
the surface at a normal (90 degree) angle of 
incidence. The surfaces, however, are used 
so that most of the light emanating from the 
source 13 will strike the surface at 45 de- 130 
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grees. At this angle UV over a band which 
peaks at 3478 angstrom wavelength is most 
efficiently reflected. The invention entails 
arranging the dichroic filter surfaces so that 

5 substantially all the light will strike the sur- 
faces at least once and that all the light leav- 
ing the assembly 11 strikes the surfaces only 
once. This is necessary because the second 
time a light ray strikes a filter surface it will 

10 do so in most cases at an angle of incidence 
different from the first angle of incidence; so 
that for example the UV band which peaks 
at 3478 angstrom formed by striking the sur- 
face at angle of incidence of 45 degrees from 

15 normal, will almost all be transmitted if it 
strikes a second surface at an angle of inci- 
dence substantially different from 45 de- 
grees, thus defeating the object of the inven- 
tion which is to reflect U V and transmit only 

20 'LR. light. 

Having described the invention with re- 
ference to a preferred embodiment, it 
should be understood that minor modifica- 
tions can be made the parts or to the 

25 arrangement of such parts without departing 
from the scope of the invention. 
WHAT WE CLAIM IS:- 
1. Apparatus for providing a high flux 
beam of substantially only ultraviolet light 

30 to a substrate comprising 

a reflector being elliptical-like (as 
hereinbefore defined) and having an opening 
for emission of light reflected from the reflec- 
tor, and a first focal line; 

35 a linear source of UV light mounted in 
said housing at said focal line thereof, the 
longitudinal axis of the linear source being 
contained in a plane of symmetry of the 



apparatus which is perpendicular to the 
plane of the opening of said reflector; 40 

a first optically flat dichroic surface on 
each side of said plane of symmetry 
mounted at one end 01 such dichroic flat sur- 
face adjacent said reflector opening; 

a second optically flat dichroic surface on 45 
each side of said plane of symmetry con- 
nected to the other end of said first dichroic 
flat surface, said first and second dichroic 
flat surfaces providing a concave surface on 
each side of said plane of symmetry when 50 
viewed therefrom; 

a cuspidal member mounted between said 
concave surfaces so that its longitudinal 
plane of symmetry coincides with the plane 
of symmetry of the apparatus and so that the 55 
cuspidal member is adjacent the reflector 
opening beyond a second focal line of said , 
reflector 

whereby substantially all the UV light ' 
from said linear source strikes a dichroic 60 
surface only once and then leaves the appar- 
atus, 

2. Apparatus as claimed in claim 1 
wherein heat absorbers are located behind 
said dichroic flat surfaces to absorb substan- 65 
tially all the I.R. light transmitted through 

the dichroic surfaces. 

3. Apparatus constructed and adapted 
to operate substantially as hereinbefore par- 
ticularly described with reference to and as 70 
illustrated in the accompanying drawings. 

W. P. THOMPSON & CO. 
Coopers Building, 

Church Street. 
Liverpool LI 3AB 75 
Chartered Patent Agents. 
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